Whereas there exists considerable evidence for the conversion of singlet Cooper pairs into triplet Cooper pairs in the presence of inhomogeneous magnetic fields, recent theoretical proposals have suggested an alternative way to exert control over triplet generation:
homogeneous magnetic layer in SOC systems.
The thin-film stacks were deposited by dc magnetron sputtering in an ultrahigh vacuum chamber onto unheated oxidized silicon (100) substrates placed on a rotating table.
The substrates passed under magnetrons whose power, and the rotation speed of the substrate table, were adjusted to control the layer thicknesses (thicknesses in nanometers in parentheses). The Pt and Co layer thicknesses were adjusted to tune the in-plane (IP) and out-of-plane (OOP) magnetic anisotropy, allowing control over the angle between the magnetization and the sample plane by applying moderate magnetic fields, and so control the effectiveness of the singlet/triplet conversion. During deposition, the chamber was cooled by a liquid nitrogen jacket to achieve a pressure below 3 × 10 -7 Pa. The layers were sputtered in 1.5 Pa Ar. Control samples of Nb/Pt and Nb/Co/Pt and samples with varying Pt and Nb thickness were also deposited. fields. This allows us to control the magnetization tilt with respect to the film plane using moderate magnetic fields. Perpendicular magnetic anisotropy in Pt/Co systems [30, 31] is generally attributed to an enhancement in the perpendicular Co orbital moment resulting from a Pt 5d -Co 3d hybridization. The OOP anisotropy is inversely proportional to the Co layer thickness [32] and here a 1.5 nm Co allows us to control the tilt using low magnetic fields.
Transport measurements were performed on unpatterned samples in the range of 3-8 K using four-point resistance measurement technique in a pulsed-tube cryocooler. A constant bias current of 5 A was used. The magnetic field was applied by ramping it up in steps of 5-10 mT from zero-field, and each measurement was carried out in constant field. The maximum width of the ~ 180 mK. the field range below this value, which can be partially explained by the magnetizationinduced flux density being drawn OOP and adding to the applied field. A similar effect would be expected for the Nb/Pt/Co/Pt sample, albeit with a lower saturation field reflecting the OOP anisotropy [ Fig. 1(b) ]; in fact, the low-field suppression of is lower than that for the Nb/Co/Pt sample implying that a different, partially compensating, -modulating effect must be at work. This behaviour is more pronounced for Nb/Pt/Co/Pt containing a thinner 18 nm Nb (Fig. 2f inset) . The OOP suppression is expected to be significantly more considering the enhanced orbital depairing in thinner Nb films (Supplemental Material section VII). Furthermore, domain-wall induced suppression of superconductivity can be ruled out since at higher fields elimination of domain walls should restore superconductivity. This is in sharp contrast to Fig. 2c , where superconductivity is suppressed at larger IP fields. To summarise: while the Nb/Pt and Nb/Co/Pt results can be qualitatively explained in terms of flux and field-induced orbital depairing, the Nb/Pt/Co/Pt behavior is distinctly different, and a rapid low-field suppression is induced for IP field which tends to align the Co magnetisation parallel to the Nb plane.
The key to understanding our results is that the proximity effect in S/F systems with a single homogeneous F layer cannot be controlled by changing the magnetisation angle with respect to the film plane (after subtracting the effect of flux injection from the F layer).
In S/F'/F systems, non-collinear F and F' layer moments generate LRTs, which enhance the proximity coupling between S and F and so decreases . However, in presence of SOC, the picture dramatically changes even for a S/F system, and the energy of the triplets depends We have modelled our results using the Usadel equations for a diffusive system with intrinsic SOC. We assume a coherence length of 15 nm for the Nb (5 nm mean free path) [35, 36] This value is close to ~5×10 -12 eVm for asymmetric Pt/Co/Pt structures estimated from [38] .
The higher values in our system could arise due to different Pt and Co thicknesses and interfaces, which strongly influence the Rashba coupling [29] . The only free parameter in our model was the angle between the magnetization and film plane ( ) at zero field, which we assumed to be 45° from a best fit to the experimental data. The consistency is seen by extrapolating the magnetization data to zero field for IP and OOP orientations [ Fig. 1 
The detailed magnetization model is given in the Supplemental Material, but importantly the initial magnetization angle assumed did not change the trend of variation with applied field, but only altered the magnitude of the shift in the IP orientation within reasonable limits.
In the Nb/Co system without SOC, the modulation for OOP fields would, purely from the orbital depairing, give rise to a monotonic decrease with increasing magnetic field.
Similarly, without SOC, for IP fields would remain unchanged assuming zero orbital depairing. We have numerically calculated the vs IP and OOP field for
Nb ( Our measurements possibly underestimate the magnitude of the SOC-induced change. This is because the increased OOP magnetisation with increasing x in Nb/Pt(x)/Co/Pt results in more Co flux being directed into Nb. This reduces as x is increased, which can counteract some of the increase caused by the stronger SOC associated with increasing x. This implies that even though we see a finite non-zero Δ for OOP fields for x=0.3 and x=1.0, the actual SOC-induced changes get progressively higher with increasing Pt thickness to compensate for the increasing flux injection from OOP magnetisation.
SOC introduces two competing effects -triplet depairing due to imaginary terms in the effective energy, and LRT generation due to triplet mixing terms [25] . Numerically we found the energy-penalty of the SRT is more important than the LRT generation for the modulation. We reiterate an important point: SOC couples the magnetization with the SRT energy, which is different to spin-relaxation effects induced by SOC on superconductivity [35] . In S/F structure without SOC, the SRT energy is independent of the magnetization state, and is independent of the magnetization angle . However, in presence of SOC the SRT energy depends on ; with an increasing OOP field, the 'leakage' of the Cooper pairs through the triplet channel is reduced, thereby increasing the (since the superconducting gap directly depends on the singlet pair amplitude). As the magnetization is made IP, the SRT generation is energetically more favourable, thereby 'draining' the superconductor of Cooper pairs and reducing . There is thus a qualitative difference between the samples for which SOC is expected to be relevant and those which 'simply' have a magnetic layer whose magnetic orientation controls the injected flux.
The results reported here cannot be explained by conventional S/F proximity theory 
I. INTRODUCTION
In the main manuscript, we describe the experimental setup that has been studied: Nb/[Pt]/Co/Pt structures, where Nb is a conventional s-wave superconductor, Co is a ferromagnetic metal, and the Pt interlayer induces a Rashba coupling in the system by breaking the inversion symmetry along the junction direction, which we take to be along the z-axis. In particular, we focus on the structures Nb(24)/Co(1.5)/Pt(1.5) and Nb(24)/Pt(2.0)/Co(1.5)/Pt(1.5), where the numbers in parentheses denote material thicknesses in nanometers. Both structures were modelled theoretically as S/F bilayers, where the [Pt]/Co/Pt heterostructures are treated as effective ferromagnets with thicknesses 3 nm and 5 nm, respectively. Within these effective ferromagnets, we approximate the exchange field and spin-orbit coupling as homogeneous background fields.
In Section II, we describe how the physical behaviour of these heterostructures can be understood analytically by considering the linearized diffusion equations for the system. We then describe how the full nonlinear diffusion equations were solved numerically in Section III. The magnetization model is discussed in Section IV, and the numerical results presented in Section V. In Section VI, we then describe how the parameters used for the numerical simulations were determined. Finally, we include supplemental experimental data in Section VII.
II. ANALYTICAL TREATMENT
In the quasiclassical and diffusive limits, superconductivity is well-described by the so-called Usadel diffusion equation. 1 Near the critical temperature T c , the superconducting pair amplitudes go to zero, meaning that the diffusion equation can be linearized with respect to pair amplitudes near this transition. In materials with superconductivity, ferromagnetism, and spin-orbit coupling, the linearized diffusion equations are:
where f s is the singlet pair amplitude, f t the triplet pair amplitude, D the diffusion coefficient, the quasiparticle energy, ∆ the superconducting gap, h the exchange field, and Ω is a 3 × 3 matrix that describes the effects of the spin-orbit coupling. From these equations alone, we can understand a lot about how the system behaves. When the superconducting gap ∆ is nonzero, Eq. (1) implies that there has to be singlet pairs f s in the system as well. This makes sense, since it is precisely these singlet pairs that form the superconducting condensate of a conventional superconductor like Nb in the first place. Next, in the presence of an exchange field h, some of these singlets f s are converted into triplets f t according to Eq. (2) . Note that the direction of the triplet vector f t parametrizes the spins of the pair, and f t is proportional to the conventional d-vector. 3 The triplets generated here are oriented along the exchange field ( f t h), and are known as short-ranged triplets in the literature since they are exposed to the pair-breaking effects of the exchange field. Finally, Eq. (2) show that the triplet pairs are then affected by the spin-orbit matrix Ω. Depending on the structure of this matrix, the triplet pairs can either be rotated into so-called long-ranged triplets, or just be suppressed by the pair-breaking effect of the spin-orbit coupling.
For a Rashba coupling in the xy-plane -i.e. broken inversion symmetry in the z-direction -the matrix Ω becomes diagonal:
where α is the Rashba coefficient. The fact that this matrix is diagonal implies that the spin-orbit coupling does not facilitate any conversion between short-ranged and long-ranged triplets. Note that this is different from the case of both Rashba and Dresselhaus coupling, and also different from the nonlinear equations (required when T T c ). The only effect of the spin-orbit coupling here, is to change the effective energies of the IP triplets f x , f y by 2iDα 2 , and for OOP triplets f z by 4iDα 2 . This energy penalty is twice as large for OOP than IP triplets, and since the triplets are again oriented along the exchange field h, we note that the triplet energy penalty can effectively be adjusted by rotating the exchange field.
To make this manifest, let us parametrize the exchange field
with θ being a parameter that rotates the field from IP to OOP. We can then project Eqs. (1) and (2) along the exchange field, obtaining the scalar diffusion equations
where we have defined the effective triplet energy
This effective energy rotates between + 2iDα 2 and + 4iDα 2 depending on the magnetization angle θ. But we again note that the origin of this magnetic field dependence is that the spin-orbit coupling suppresses triplets oriented OOP more than triplets oriented IP; the magnetic field dependence only appears because the magnetic field controls what triplets we generate. This magnetically tunable energy penalty lies at the core of the T c control discussed in this paper. By increasing the triplet energy E t , we can directly suppress the triplet amplitude in the effective ferromagnet, thus closing the triplet proximity channel. Because this implies that fewer pairs will leak out of the superconductor, the singlet amplitude in the superconductor goes up, and this restores T c to higher levels.
Note that the spin-valve effect, i.e. the variation of the critical temperature T c with the magnetization direction θ, is not a monotonic function of the spin-orbit coupling α. If α is very low, then neither energy penalty 2iDα 2 or 4iDα 2 is high enough to significantly suppress triplets, and T c is low for all magnetic configurations. However, if α is very high, then both energy penalties are high enough to strongly suppress triplets, and T c is high for all magnetic configurations. It is for intermediate values of α that the spin-valve effect is maximized.
III. NUMERICAL TREATMENT
For the numerical calculations of the critical temperature, we solved the full nonlinear diffusion equations,
whereĝ is the 4 × 4 retarded quasiclassical propagator, and
is a gauge-covariant derivative that accounts for the spin-orbit coupling in the system. The other matrices in the equation can be written
Here, ∆ is the superconducting gap, h the exchange field, σ the Pauli vector, A = α(σ x e y − σ y e x ) the spin-orbit field, 2 and κ is a parameter that accounts for the orbital depairing. 4 For the interface between the superconductor and effective ferromagnet, we used the tunneling boundary conditions
where G 0 is the normal-state conductance of each material, G T is the tunneling conductance of the interface,ĝ l,r are the propagators on the left and right side of the interface, respectively, and L l,r are the corresponding material lengths. In order to selfconsistently determine the superconducting properties of a hybrid structure, we not only require equations for the propagatorĝ, but also an accompanying equation for the superconducting gap ∆. This equation can be written
where λ is a dimensionless coupling constant, ∆ 0 the zerotemperature gap of a bulk superconductor, T cs the critical temperature of a bulk superconductor, and γ the Euler-Mascheroni constant. We used λ = 1/5 in our simulations, and for Nb the relevant material constants are ∆ 0 ≈ 1.4 meV and T cs ≈ 9.2 K.
In the numerical implementation, we use a Riccatiparametrization for the propagatorĝ, and employ a kind of binary search algorithm for the calculation of the critical temperature T c . For more details about this procedure, see Ref. 6 .
IV. MAGNETIZATION MODEL
The measured magnetization was found to roughly follow
where M is the magnetization component along the applied field H. This suggests that we model the exchange field as
in the case of an IP applied field H, and
for an OOP applied field H. In both cases, we have assumed that the exchange field remains in the xz-plane, so that the relation h
can be used to find the other component. Here, θ 0 is interpreted as the angle that the exchange field direction makes with the thin-film plane in the absence of external fields, while δθ parametrizes the maximum exchange field rotation that can be achieved using an external field.
Based on the experimental measurements, we found the saturation parameter H 0 ≈ 100 mT to fit the data very well, but estimating θ 0 and δθ turned out to be more difficult. We therefore fixed the first parameter to θ 0 = 45
• , and varied δθ ∈ [25
• ] to see how the results change, since the critical temperature T c is more sensitive to variations in δθ than θ 0 . Finally, the magnitude of the exchange field h 0 = 100∆ 0 ≈ 140 meV. This is a bit smaller than the usual estimates for Co, but is not unreasonable as an average exchange field in the [Pt]/Co/Pt heterostructure, and it is about as high as we can go in a quasiclassical model.
Using the model and parameters discussed above, we have plotted the resulting exchange field h as a function of the applied field H in Fig. 1 . 
V. NUMERICAL RESULTS
The results of the numerical simulations are shown in Fig. 2 . Note that there is no visible shading in Fig. 2(a) because T c is only affected by orbital depairing in the absence of spin-orbit coupling, making δθ irrelevant. In (b) there is in fact a variation, but it is not visible in the plot because this variation is nearly two orders of magnitude smaller than the variation caused by orbital depairing. In (c), however, we do see that δθ does quantitatively modify the spin-valve effect. We see that the T c results are consistently ∼ 1 K higher than the experimental results. However, the difference ∆T c has the right shape and order of magnitude for both IP and OOP fields.
In Fig. 3 , we also show the critical temperature difference ∆T c between Nb/Pt/Co/Pt and Nb/Co/Pt for different Pt interlayer thicknesses. The results for different Pt thicknesses are more difficult to extract physical insight from. The challenge is that the thinnest Pt films do not grow uniformly in the experiment, but rather in patches, meaning that both the spin-orbit coupling α and interface conductance G T change in non-trivial ways at the same time. However, in all cases, we see that the experiments show a slight downward trend in ∆T c when the sample is subjected to an IP field, and a strong upward trend when subjected to an OOP field. The effect is stronger for x = 1.0 and x = 2.0 than for x = 0.3, indicating that the spin-orbit coupling is likely higher in these samples due to the formation of a more uniform Pt film.
VI. MODEL PARAMETERS
To get rid of the diffusion coefficient in Eq. (8), we used the definition ξ = √ D/∆ 0 of the diffusive coherence length, and used ξ ≈ 14 nm for the coherence length. Using the equation ξ ≈ ξ 0 , where ξ 0 ≈ 38 nm is the ballistic coherence length of Nb and is the mean free path of the sample, we find that this corresponds to a reasonable mean free path ≈ 5 nm. The diffusion coefficient was assumed to the same in all materials. Next, we estimated the tunnel conductance between the superconductor and effective ferromagnet in the junction. This was done by calculating the critical temperature T c /T cs for both junctions in the absence of an external field, for various conductance ratios G T /G 0 ∈ [0, 1], and selecting the best possible values. We simultaneously tried to make sure that the ratio between T c for Nb/Co/Pt and Nb/Pt/Co/Pt was as close to the experimental values as possible. Unfortunately, we were unable to get a perfect quantitative fit using reasonable parameters here; but using G T /G 0 = 0.65 for Nb/Co/Pt and G T /G 0 = 0.85 for Nb/Pt/Co/Pt provided a qualitative match.
Note that we assume the normal-state conductance G 0 to be the same in Nb and the [Pt]/Co/Pt heterostructure. In reality, these two are different, and estimating an effective G 0 for the heterostructure from known parameters is not straight-forward. However, a difference in the normal-state conductances of the materials simply decreases the proximity-effect, 7 and the same happens if the tunneling conductance is decreased. Thus, we may compensate for a conductance asymmetry by adjusting G T accordingly-and since the tunneling conductance is already treated as a fitting parameter, this happens automatically.
Next, we discuss the orbital depairing effect. For thin-film systems, the depairing effect usually causes the critical temperature to decrease linearly with the applied field when the external field is applied OOP, and quadratically when the external field is applied IP. 8 These two cases correspond to the depairing parameters κ = ∆ 0 (H/H c ) and κ = ∆ 0 (H/H c ) 2 , respectively, where H c is a critical field for which T c → 0 in the absence of proximity effects. From the experimental results, we see that for an OOP case we do get a linear decrease in T c as expected. By fitting the critical temperature decay T c (H = 120 mT)/T c (H = 0) that we get from the numerical simulations to that in the Nb/Co/Pt experiment, we get an estimate H c ≈ 1.8 T for the critical field. For the Nb/Pt/Co/Pt structure, we simply assumed that the orbital depairing effect was the same as for Nb/Co/Pt. For the case of an IP applied field, however, we see from the experiment that the orbital depairing is negligible for H < 150 mT, and was therefore excluded from the IP models (i.e. H c = ∞).
Finally, we estimated the Rashba coupling α ≈ 12 by fitting the ratio T c (H = 120 mT)/T c (H = 0) for the Nb/Pt/Co/Pt structures, and selecting the value of α that produces the best possible fits for both the IP and OOP case. This is in the unit 2 /mξ, where m is the electron mass and is Planck's reduced constant; restoring the units we get α ≈ 6.5 × 10
eV·m, which is very close to previous experimental estimates.
The fitting process was later repeated for Pt interlayers of thickness 0.3 nm and 1.0 nm, in place of the 2.0 nm interlayer discussed above. For the 0.3 nm case, we found a reduced Rashba coupling α ≈ 9, and the same tunneling conductance as for Nb/Co/Pt. For the 1.0 nm case, however, both these parameters were the same as for the 2.0 nm case.
VII. EXPERIMENTAL DATA
In Fig. 4 , we show how the experimentally measured critical temperature T c of various thin-film stacks behave as a function of an applied magnetic field H. This behaviour was recorded for fields up to the maximum limit of the equipment (500 mT). As discussed in the main paper, for low IP fields, T c remains constant for Nb(24)/Pt(2) and Nb(24)/Co(1.5)/Pt(1.5). At high fields (>120 mT), there is a small suppression ∼50-70 mK. For the Nb(24)/Pt(2)/Co(1.5)/Pt(1.5) stack, there is a suppression ∼50 mK even for small applied fields, which is comparable to the high field-induced suppression ∼ 60 mK that is observed in all the structures. For OOP fields, on the other hand, there is a strong suppression in all three structures, resulting from the high orbital depairing induced by the externally applied field.
In Fig. 5 , we present a comparison of the M(H) loops for Nb(24)/Pt(x)/Co(1.5)/Pt(1.5) samples with x = 0.3 and x = 1.0 measured at 10 K. It is clear that for x = 0.3, the magnetisation preferentially lies IP with an OOP hard axis, while it starts to show a mixed anisotropy for x = 1.0. However, for x = 2.0 ( fig. 1b in the main text) , the sample exhibits a clear hysteretic switching, indicating a comparable IP and OOP anisotropy.
Finally, we discuss the critical temperature measurements for different Nb thicknesses. In superconducting thin films, we 
